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(57) Abstract 

The present invention teaches a system for improving the clarity of a voice spoken within an enclosed space. The system comprises 
a first microphone, positioned at a first location, for receiving the audible communication and for converting the audible communication at 
the first location into a first audio signal. The system also comprises a loudspeaker for receiving the first audio signal, and for converting the 
first audio signal into a first reproduced audible communication, the reproduced audible communication also being fed back and received by 
the first microphone and converted with the audible rornmunteation into the first audio signal. Moreover, the system comprises an acoustic 
echo cancellation system for determining the relationship between the received audible communication by the first microphone and the 
first audio signal comprising both the audible communication and the reproduced audible communication fed back to the first microphone, 
and for removing the first reproduced audible communication fed back to the first microphone from the first audio signal received by the 
loudspeaker. 



FOR THE PURPOSES OP INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenla 


FI 


Finland 


LT 




SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Heizegovma 


GE 


Georgia 


MD 


Republic of Moldova 


TO 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burldna Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IB 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 




UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


Cdte dlvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Roman m 






CZ 


Czech Republic 


LC 


Saint Luda 


RU 


Russian Federation 






DE 


Germany 


U 


Ltahtmstem 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/56208 



PCT/US98/10014 



CABIN COMMUNICATION SYSTEM 

FIELD OF THE INVENTION 

This invention relates to communication systems, 
generally, and more particularly to a communication 
5 system for the interior cabin of a vehicle such as an 

automobile . 

BACKGROUND OF THE INVENTION 

It is well established that audible communications 
by speakers in an enclosed interior may pose challenges 
10 to listeners. The primary cause of these problems are 

the acoustics inherent to the interior and ambient noise 
present within the interior. This is of particular 
relevance wherein the enclosed interior is an automobile, 
truck, airplane or helicopter. 

15 

Methods for overcoming the limitations of an 
interior' s acoustics and ambient noise issues are also 
known. One known solution proposes the use of a 
microphone and speaker as a means for amplifying the 
20 original audible communication to overcome the acoustical 

and ambient noise limitations associated with an 
automobile interior, for example. However, such a design 
creates positive feedback and ringing, degrading the 
sound quality. 



25 



Thus, industry requires a cabin interior 
communication system which reduces the effects of ambient 
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noise and the acoustical characteristics of the cabin, as 
well as lessens the impact of positive feedback and 
ringing created by a microphone loudspeaker 
configuration . 

5 SUMMARY OF THE INVENTION 

The primary advantage of the present invention is to 
overcome the limitations of the prior art. 

A further advantage of the present invention is to 
provide a cabin interior communication system which 
10 reduces the effects of the acoustical characteristics of 

the cabin, as well as lessens the impact of positive 
feedback and ringing created by a microphone loudspeaker 
configuration . 

In order to achieve the advantages of the present 
15 invention, a system for improving the clarity of a 

audible communication within an enclosed space is 
disclosed. The system comprises a first microphone, 
positioned at a first location, for receiving the audible 
communication and for converting the audible 
20 communication at the first location into a first audio 

signal. The system also comprises a loudspeaker for 
receiving the first audio signal, and for converting the 
first audio signal into a first reproduced audible 
communication, the reproduced audible communication also 
25 being fed back and received by the first microphone and 

converted with the audible communication into the first 
audio signal. Moreover, the system comprises an acoustic 
echo cancellation system for determining the relationship 
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between the received audible communication by the first 
microphone and the first audio signal comprising both the 
audible communication and the reproduced audible 
communication fed back to the first microphone, and for 
5 removing the first reproduced audible communication fed 

back to the first microphone from the first audio signal 
received by the loudspeaker. 

In a further embodiment of the present invention, a 
communication system is disclosed for improving the 

10 clarity of a voice spoken within an interior cabin having 

ambient noise and cabin acoustics. The system comprises 
a first microphone, at a first location, for receiving 
the spoken voice and for converting the spoken voice at 
the first location into a first audio signal, and a 

15 second microphone, at a second location, for receiving 

the spoken voice, and for converting the spoken voice 
into a second audio signal. The also comprises a 
loudspeaker for receiving the first and second audio 
signals, for converting the first audio signal into a 

20 first reproduced spoken voice, the first reproduced 

spoken voice also being fed back and received by the 
first and second microphones and converted with the 
spoken voice into the first and second audio signals, and 
for converting the second audio signal into a second 

25 reproduced spoken voice, the second reproduced spoken 

voice also being fed back and received by the first and 
second microphones and converted with the spoken voice 
into the first and second audio signals. Moreover, the 
system comprises an acoustic echo cancellation system for 

30 determining the relationship between the received spoken 

voice by the first microphone and the first audio signal 
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comprising the spoken voice and the first and second 
reproduced spoken voice fed back to the first microphone, 
for removing the first and second reproduced spoken voice 
fed back to the first microphone from the first audio 
5 signal received by the loudspeaker, for determining the 

relationship between the received spoken voice by the 
second microphone and the second audio signal comprising 
the spoken voice and the first and second reproduced 
spoken voice fed back to the second microphone, and for 
10 removing the first and second reproduced spoken voice fed 

back to the first microphone from the first audio signal 
received by the loudspeaker. 

In still another embodiment of the present invention, 
a cabin communication system is disclosed for improving 

15 the clarity of a voice spoken within an interior cabin 

having ambient noise and cabin acoustics. The cabin 
communication system comprises a beamformed phased array 
having a first microphone, at a first location, for 
receiving the spoken voice and for converting the spoken 

20 voice at the first location into a first audio signal, a 

second microphone, at a second location, for receiving 
the spoken voice, and for converting the spoken voice 
into a second audio signal, a time delay device for 
compensating for a delay between the first microphone 

25 receiving the spoken voice at the first location and the 

second microphone receiving the spoken voice at the 
second location, as well as a weighting device for 
compensating for differences in volume between the first 
microphone receiving the spoken voice at the first 

30 location and the second microphone receiving the spoken 

voice at the second location. The system also comprises 
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a loudspeaker for receiving the first and second audio 
signals, for converting the first audio signal into a 
first reproduced spoken voice, the first reproduced 
spoken voice also being fed back and received by the 
first and second microphones and converted with the 
spoken voice into the first and second audio signals, and 
for converting the second audio signal into a second 
reproduced spoken voice, the second reproduced spoken 
voice also being fed back and received by the first and 
second microphones and converted with the spoken voice 
into the first and second audio signals. Moreover, the 
system comprises an acoustic echo cancellation system for 
determining the relationship between the received spoken 
voice by the first microphone and the first audio signal 
comprising the spoken voice and the first and second 
reproduced spoken voice fed back to the first microphone, 
for removing the first and second reproduced spoken voice 
fed back to the first microphone from the first audio 
signal received by the loudspeaker, for determining the 
relationship between the received spoken voice by the 
second microphone and the second audio signal comprising 
the spoken voice and the first and second reproduced 
spoken voice fed back to the second microphone, and for 
removing the first and second reproduced spoken voice fed 
back to the first microphone from the first audio signal 
received by the loudspeaker. 

These and other advantages and objects will become 
apparent to those skilled in the art from the following 
detailed description read in conjunction with the 
appended claims and the drawings attached hereto. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood from 
reading the following description of non-limitative 
embodiments, with reference to the attached drawings, 
5 wherein below: 

Figure 1 illustrates a first embodiment of the 
present invention; 

Figure 2 illustrates the preferred embodiment of the 
present invention; and 

10 Figures 3(a) and 3(b) illustrate a first aspect and 

a first realization of the present. 

It should be emphasized that the drawings of the 
instant application are not to scale but are merely 
schematic representations and are not intended to portray 
15 the specific parameters or the structural details of the 

invention, which can be determined by one of skill in the 
art by examination of the information herein. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Figure 1, a communication system 10 for 
20 improving the clarity of an audible communication within 

an enclosed space utilizing is illustrated. In the 
preferred embodiment, the enclosed space is realized by 
an interior cabin having ambient noise and cabin 
acoustics such as characteristic within the interior of 
25 an automobile, truck, airplane or helicopter. 
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Communication system 10 comprises a microphone 15. 
Positioned at first location within the cabin, microphone 
15 receives the audible communication which is unique to 
the coordinates of the first position. Audible 
5 communication is defined as all forms of communication 

emanating from the party communicating within the audible 
range of the human ear. As a result of receiving the 
audible communication, microphone 15 converts the 
acoustical energy of the audible communication into an 
10 electrical signal, generally, and more specifically, a 

first audio signal. 

Moreover, system 10 also comprises a loudspeaker 20 
for converting electrical signals as represented by the 
first audio signal to acoustical energy. In so doing, a 
15 reproduced version of the original the audible 

communication is created from the first audio signal. 
Loudspeaker 20 is coupled with first microphone 15 in 
order to receive the first audio signal. 

Given the above arrangement, however, it should be 
20 apparent to one of ordinary skill in the art, that the 

reproduced version of the original the audible 
communication will inherently be fed back into the 
microphone 15. As such, the reproduced audible 
communication will be subsequently converted with the 
25 original audible communication into the first audio 

signal. 

The distortion associated with the reproduced version 
of the • original the audible communication fed back to 
microphone 15 fundamentally diminishes the quality, 
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clarity and understanding of the audible communication, 
particularly when a listener is the rear seat of an 
automobile and the speaker is positioned in the front 
seat . 

To improve the characteristics of the reproduced 
audible communication, system 10 additionally comprises 
an acoustic echo cancellation apparatus 25. Apparatus 25 
functionally determines the relationship between the 
audible communication as received by microphone 15 and 
the first audio signal which includes both the audible 
communication as converted by microphone 15 and the 
reproduced version of the original audible communication 
by the loudspeaker 20. Once the transfer function (as 
illustrated by icon 28) is ascertained, apparatus 25 
subsequently removes the received feed back signals from 
the first audio signal transmitted to loudspeaker 20. To 
realize this benefit, apparatus 25 is coupled between 
microphone 15 and loudspeaker 20. 

Referring to Figure 2, the preferred design of a 
communication system 50 for improving the clarity of an 
audible communication within an interior cabin is 
depicted. Here, system 50 comprises a plurality of 
microphones, 60a, 60b, ... 60j, each for receiving the 
audible communication. In the preferred embodiment, the 
plurality of microphones, 60a, 60b, ... 60j, are combined 
to form a phased array . The phased array in this 
configuration is preferably formed by beamforming each of 
the microphones. 
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Each microphone of the phased array 55 further 
receives the audible communication relative to the unique 
coordinates and the positions of each microphone of the 
plurality. As a result of each microphone of the phased 
5 array receiving the audible communication, microphones 

60a, 60b, . . . 60j individually convert the acoustical 
energy of the audible communication into electrical 
signals, generally, and more specifically, audio signals, 
65a, 65b ... 65 j . Utilizing an summing amplifier 70, 
10 audio signals, 65a, 65b ... 65 j, are combined together to 

a form a resultant audio signal 72. It shall be 
generally understood by one of ordinary skill in the art 
that summing amplifier 70 is realized by a simple 
beamformed phased-array . 

System 50 further comprises a loudspeaker 75 for 
converting electrical signals as represented by the 
resultant audio signal 72 to acoustical energy. By this 
arrangement, a reproduced version of the original audible 
communication is recreated from the resultant audio 
signal 72. Loudspeaker 75 is coupled with each 
microphone of phased array 55 through amplifier 70 in 
order to receive the resultant audio signal 72. 

Given the above arrangement, however, it should be 
apparent to one of ordinary skill in the art that the 
25 reproduced version of the original the audible 

communication will inherently be fed back into each 
microphone of the phased array 55. As such, the 
reproduced audible communication will be subsequently 
converted with the original audible communication into 
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audio signals, 65a, 65b ... 65 j, and as such, the 
resultant audio signal 72. 

The distortion associated with the reproduced version 
of the original audible communication fed back to each 
microphone of the phased array 55 fundamentally 
diminishes the quality, clarity and understanding of the 
audible communication. This is particularly true when a 
listener is the rear seat of an automobile and the 
speaker is positioned in the front seat. 

To improve the characteristics of the reproduced 
audible communication, system 50 additionally comprises 
an acoustic echo cancellation apparatus 85. Apparatus 85 
functionally determines the relationship between the 
audible communication as received by the phased array 55 
and the resultant audio signal 72 which includes both the 
audible communication as converted by each microphone 
60a, 60b, . . . 60j and the reproduced version of the 
original audible communication by the loudspeaker 75. 
Once the transfer function (as illustrated by icon 90) is 
ascertained, apparatus 85 subsequently removes the 
received feed back signal from the resultant audio signal 
72 transmitted to loudspeaker 20. To realize this 
benefit, apparatus 85 is coupled between the phased array 
55 and loudspeaker 75. 

It should be noted that in an alternate embodiment 
of the present invention, system 50 additionally 
comprises a filtering device (not shown) . The filtering 
device, coupled with each microphone of phased array 55 
and amplifier 70, compensates for the delays, changes in 
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volume, and other acoustic effects between the first 
microphone of the phased array 55 receiving the audible 
communication at the first location and the subsequent 
microphones which receive the audible communication at 
5 their specific locations. In so doing, the resultant 

audio signal reflects the unique perspective of each 
microphone of the phased array 55 at the same point in< 
time. 

The filtering device of system 50 preferably 
10 comprises time delay devices with multiplicative weights. 

The weighting of the times delay devices may be fixed for 
a given application. Alternately, the weighting of the 
times delay devices may be adaptive to the specific 
acoustic environment . 

15 Moreover, it should be further noted that in still 

a further embodiment, phased array 55 also comprises a 
weighting device (not shown) . To compensate for 
differences in audio volume between the first microphone 
of the phased array receiving the audible communication 

20 at the first location and the subsequent microphones 

which receive the audible communication at their specific 
locations, the weighting device is incorporated. The 
weighting device may be realized by an audio compressor. 
Much like the time delay system, the weighting device is 

25 coupled with coupled with each microphone of the phased 

array and amplifier 70, 

Referring to Figures 3(a) and 3(b), a first aspect 
and a first realization of an additional feature of the 
present invention is illustrated. Cabin interiors are 
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known for having ambient noise, as well as known 
acoustical characteristics. To compensate for the 
ambient noise and the known acoustical characteristics 
of the interior cabin on the reproduced version of the 
original audible communication by the loudspeaker, 
microphone 100 is coupled directly with a filter 110. 
Alternately, filter 110 may also be coupled with the 
loudspeaker functionally responsible for reproducing the 
original audible communication from an audio signal or 
signals input thereto. 

Filter 110 may be realized utilizing several designs, 
such as a high pass filter having notches. One such 
filter is reflected in the transfer function 
characteristics illustrated in Figure 3(b). In another 
scheme, filter 110 may also be realized by an adaptive 
line enhancer, as well as others adaptive speech filter 
apparent to one of ordinary skill in the art. 

While the particular invention has been described 
with reference to illustrative embodiments, this 
description is not meant to be construed in a limiting 
sense. It is understood that although the present 
invention has been described in a preferred embodiment, 
various modifications of the illustrative embodiments, as 
well as additional embodiments of the invention, will be 
apparent to persons skilled in the art upon reference to 
this description without departing from the spirit of the 
invention, as recited in the claims appended hereto. 
Thus, for example, it should be apparent to one of 
ordinary skill in the art that while a phased array 
multi-microphone design having a singular loudspeaker is 
detailed, such a system may also employ a plurality of 
loudspeakers and a plurality or phased array multi- 
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microphones each requiring an acoustic cancellation 
apparatus to remove the echo created by the microphone 
feedback. It is therefore contemplated that the appended 
claims will cover any such modifications or embodiments 
5 as fall within the true scope of the invention. 
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WHAT IS CLAIMED IS: 

1 . A cabin communication system for improving the 
clarity of a voice spoken within an interior cabin having 
ambient noise and cabin acoustics, the cabin 
communication system comprising: 

5 a beamformed phased array comprising: 

a first microphone, at a first location, for 
receiving the spoken voice and for converting 
the spoken voice at said first location into a 
first audio signal; 

10 a second microphone, at a second location, for 

receiving the spoken voice, and for converting 
the spoken voice into a second audio signal; and 

a filter device for compensating for a delay and 
a difference in volume between said first 
15 microphone receiving the spoken voice at said 

first location and said second microphone 
receiving the spoken voice at said second 
location; 

a loudspeaker 

20 for receiving said first and second audio 

signals, 

for converting said first audio signal into a 
first reproduced spoken voice, said first 
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reproduced spoken voice also being fed back and 
25 received by said first and second microphones 

and converted with the spoken voice into said 
first and second audio signals, and 

for converting said second audio signal into a 
second reproduced spoken voice, said second 
30 reproduced spoken voice also being fed back and 

received by said first and second microphones 
and converted with the spoken voice into said 
first and second audio signals; and 

an acoustic echo cancellation system 

for determining the relationship between said 
received spoken voice by said first microphone 
and said first audio signal comprising the 
spoken voice and said first and second 
reproduced spoken voice fed back to said first 
microphone, 

for removing said first and second reproduced 
spoken voice fed back to said first microphone 
from said first audio signal received by said 
loudspeaker, 

for determining the relationship between said 
received spoken voice by said second microphone 
and said second audio signal comprising the 
spoken voice and said first and second 
reproduced spoken voice fed back to said second 
mi crophone , and 
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for removing said first and second reproduced 
spoken voice fed back to said first microphone 
from said first audio signal received by said 
loudspeaker. 

2. The communication system of claim 1, wherein the 
enclosed space comprises ambient noise and cabin 
acoustics, and the system further comprises: 

a filter for removing the ambient noise and cabin 
acoustics from said first and second audio signals. 

3. The communication, system of claim 2, wherein said 
filter comprises at least one of a high pass filter 
having notches for acoustic modes and an adaptive speech 
enhancer. 

4. A system for improving the clarity of an audible 
communication within an enclosed space, the system 
comprising: 

a first microphone, at a first location, for 
5 receiving the audible communication and for 

converting the audible communication at said first 
location into a first audio signal; 

a loudspeaker for receiving said first audio signal, 
and for converting said first audio signal into a 
10 first reproduced audible communication, said 
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reproduced audible communication also being fed back 
and received by said first microphone and converted 
with the audible communication into said first audio 
signal; and 

an acoustic echo cancellation system for determining 
the relationship between said received audible 
communication by said first microphone and said 
first audio signal comprising the audible 
communication and said reproduced audible 
communication fed back to said first microphone, and 
for removing said first reproduced audible 
communication fed back to said first microphone from 
said first audio signal received by said 
loudspeaker. 

5. The system of claim 4, further comprising: 

a second microphone, at a second location, for 
receiving the audible communication, and for 
converting the audible communication into a second 
audio signal; 

said loudspeaker for receiving said second audio 
signal, and for converting said second audio signal 
into a second reproduced audible communication, said 
second reproduced audible communication also being 
fed back and received by said second microphone and 
converted with the audible communication into said 
second audio signal ; and 
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said acoustic echo cancellation system for 
determining the relationship between said received 
audible communication by said second microphone and 
said second audio signal comprising the audible 
communication and said second reproduced audible 
communication fed back to said second microphone, 
and for removing said second reproduced audible 
communication fed back to said second microphone 
from said second audio signal received by said 
loudspeaker. 

6. The system of claim 5, wherein said first and second 
microphones are combined to form a phased array. 

7. The system of claim 6, wherein said phased array is 
formed by beamforming said first and second microphones. 

8. The system of claim 6, wherein said phased array is 
coupled to a time delay device for compensating for a 
delay between said first microphone receiving the audible 
communication at said first location and said second 
microphone receiving the audible communication at said 
second location. 

9. The system of claim 6, wherein said phased array is 
coupled to a weighting device for compensating for 
differences in volume between said first microphone 
receiving the audible communication at said first 
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5 location and said second microphone receiving the audible 

communication at said second location. 

10. The system of claim 4, wherein the enclosed space 
comprises ambient noise and cabin acoustics, and the 
system further comprises: 

a filter for removing the ambient noise and cabin 
acoustics from said first audio signal. 

11. The system of claim 10, wherein said filter comprises 
at least one of a high pass filter having notches for 
acoustic modes and an adaptive speech enhancer. 

12. The system of claim 5, wherein the enclosed space 
comprises ambient noise and cabin acoustics, and the 
system further comprises: 

a filter for removing the ambient noise and cabin 
acoustics from said second audio signal. 

13. The system of claim 12, wherein said filter comprises 
at least one of a high pass filter having notches for 
acoustic modes and an adaptive speech enhancer. 

14. A communication system for improving the clarity of 
a voice spoken within an interior cabin having ambient 



-19- 



WO 98/56208 



PCT/US98/10014 



'noise and cabin acoustics, the system comprising: 

a first microphone, at a first location, for 
receiving the spoken voice and for converting the 
spoken voice at said first location into a first 
audio signal; 

a second microphone, at a second location, for 
receiving the spoken voice, and for converting the 
spoken voice into a second audio signal; 

a loudspeaker 

for receiving said first and second audio 
signals, 

for converting said first audio signal into a 
first reproduced spoken voice, said first 
reproduced spoken voice also being fed back and 
received by said first and second microphones 
and converted with the spoken voice into said 
first and. second audio signals, and 

for converting said second audio signal into a 
second reproduced spoken voice, said second 
reproduced spoken voice also being fed back and 
received by said first and second microphones 
and converted with the spoken voice into said 
first and second audio signals; and 

an acoustic echo cancellation system 
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for determining the relationship between said 
received spoken voice by said first microphone 
and said first audio signal comprising the 
30 spoken voice and said first and second 

reproduced spoken voice fed back to said first 
microphone, 

for removing said first and second reproduced 
spoken voice fed back to said first microphone 
35 from said first audio signal received by said 

loudspeaker, 

for determining the relationship between said 
received spoken voice by said second microphone 
and said second audio signal comprising the 
40 spoken voice and said first and second 

reproduced spoken voice fed back to said second 
microphone, and 

for removing said first and second reproduced 
spoken voice fed back to said first microphone 
45 from said first audio signal received by said 

loudspeaker. 



15, The communication system of claim 14, wherein said 
first and second microphones are combined to form a 
phased array. 

16. The communication system of claim 15, wherein said 
phased array is formed by beamforming said first and 
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'second microphones. 

17. The communication system of claim 15, wherein said 
phased array is coupled to a time delay device for 
compensating for a delay between said first microphone 
receiving the spoken voice at said first location and 
said second microphone receiving the spoken voice at said 
second location. 

18. The communication system of claim 15, wherein said 
phased array is coupled to a weighting device for 
compensating for differences in volume between said first 
microphone receiving the spoken voice at said first 
location and said second microphone receiving the spoken 
voice at said second location. 

19. The communication system of claim 14 , wherein the 
enclosed space comprises ambient noise and cabin 
acoustics, and the system further comprises: 

a filter for removing the ambient noise and cabin 
acoustics from said first and second audio signals. 

20. The communication system of claim 19, wherein said 
filter comprises at least one of a high pass filter 
having notches for acoustic modes and an adaptive speech 
enhancer. 
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